Essential oils obtained from aerial parts of Artemisia persica and Artemisia turcomanica were analyzed by GC/MS. While 28 components representing 91.01 % of A. persica were identified, the identity of 50 components, constituting 81.93 % of the total oil, was confirmed in A. turcomanica. β-thujone was the main compound (75.23%) in A. persica while the major identified phytochemicals in A. turcomanica were 1,8-cineol (19.23%), camphor (15.55%) and filifolone (15.53%). Both of the essential oils were predominantly made up of monoterpenes. Time-and dose-dependent cytotoxic effects of A. persica and A. turcomanica on MCF-7 cell line evaluated by MTT assay at 24, 48 and 72 h, showed that the highest cytotoxic effect of A. persica and A. turcomanica were appeared at 72 h incubation. At that incubation period, CI 50 of A. persica was found to be 0.15 µg/ml, while that of A. turcomanica was 0.1 µg/ml. Thus, cytotoxicity of A. turcomanica was slightly higher than A. persica which could be attributed to the higher content of sesquiterpene present in A. turcomanica. As a conclusion, these volatile oils could have chemotherapeutic potentials.
INTRODUCTION
Essential oils as the secondary metabolites of medicinal plants, have indicated lots of biological effects and play a vital role as cytotoxic agents (1) (2) . Artemisia genus belonging to Asteraceae (Compositeae) family which contains 34 species growing in Iran (3), comprises aromatic plants known for their potent chemical constituents in their essential oils with antibacterial (4-5), antiviral (6) , antifungal (4) (5) 7) , insecticidal (8) (9) and cytotoxic activity (10) .
In prior studies, MTT assay, has been carried out on different species of Artemisia extracts on different cell lines including human breast carcinoma cell line (MCF-7) (11) (12) . To the best of our knowledge, cytotoxic activities of essential oils of Artemisia persica and A. turcomanica against cancer cell lines have not yet been reported. In previous studies, composition of volatile oils of these two species collected from different geographical locations has been reported (13) (14) (15) .
Due to the effect of harvesting time and season, geographical location, altitude and climate on the yield and composition of volatile oils (16) (17) , firstly chemical composition of the essential oils of these two plants growing in Razavi Khorasan and North Khorasan provinces of Iran collected in September was determined. Considering both cytotoxic activity of volatile oils of other Artemisia species and existence of some cytotoxic components in A. persica and A. turcomanica, secondly we aimed to evaluate cytotoxic activity of A. persica and A. turcomanica against MCF-7 cancer cell line and to explore the relationship between chemical composition and cytotoxic activity of the essential oils of A. persica and A. turcomanica.
MATERIALS AND METHODS

Plant material and preparation of essential oils
Aerial For the next step, air dried and ground stems and leaves of each species (90 g) were separately subjected to Clevenger-type apparatus by the aid of distilled water (1000 ml) for 4 h. After that the oils were measured and stored in dark glasses at 4 ºC for further studies.
GC-Mass analysis
The essential oils of A. persica and A. turcomanica were analyzed using a Shimadzu GC/MS-QP5050A gas chromatography-mass spectrometer (GC-MS) fused with a capillary column of silica DB-1 (60 m × 0.25 mm i.d., 0.25 µm film thickness) with ionization potential of 70 ev. The injector temperature and split ratio were adjusted at 240 ºC and 1/31, respectively. The flow rate of nitrogen as a carrier gas was 1.3 ml/min and the oven temperature programming was as follows: temperature was kept at 60 ºC for 2 min then it raised to 260 ºC at a rate of 2 ºC/min. Afterwards it was maintained at 260 ºC for 2 min.
Components of essential oils were identified by comparison of their mass spectra with the NIST NBS54K Library. Kovats indices of components were obtained by the aid of standard n-alkanes (C8-C20) injection, under the same chromatographic conditions.
MTT assay
In vitro cell growth inhibition of A. persica and A. turcomanica essential oils were evaluated by MTT assay against MCF-7 cell line. Alive cell's mitochondrial succinate dehydrogenase enzyme can reduce yellow colored MTT to a blue product of formazan. This process shows normal operation of mitochondria and cell viability as well (18) .
The human breast cancer MCF-7 cell line, obtained from national cell bank of Iran (Pasteur institute, Iran), were cultivated in Roswell Park Memorial Institute (RPMI 1640) medium (Gibco, UK) enriched with 10% fetal bovine serum (FBS).
For prevention of bacterial contamination, 100 µg/ml streptomycin and 100 units/ml penicillin G were added. MCF-7 cells were maintained at 37 °C in a 5% CO 2 incubator. When cells reached ~ 90% confluency, they were detached from T-flask by the aid of 0.05% trypsin/EDTA. Cells were seeded in 96-well plate, at a density of 15000 cells/well.
Experimental design
After 24 h, the cultivated cells were treated with several concentrations of A. persica and A. turcomanica (10, 1, 0.5, 0.2, 0.1, 0.05, 0.01, 0.005 µg/ml) prepared in 1% dimethyl sulfoxide (DMSO) and incubated for 24, 48 and 72 h. Varying concentrations of A. persica and A. turcomanica essential oils were tested in triplicate. Negative control groups treated with 1% DMSO, as a solubilizing agent, stayed untreated in four wells.
Afterwards, culture medium was changed with 150 µl RPMI-1640 medium plus 50 µl MTT solution (5 mg/ml in phosphate buffer solution). Cells were kept at 37 °C with 95% air, 5% CO 2 and complete humidity for 4 h. Then, the MTT solution was replaced with 200 µl DMSO, incubated for 15 min at 37 °C. Finally, the optical density of the wells was measured at 570 nm spectrophotometrically using a plate reader (Sunrise Tecan, Austria). The MTT assays were replicated twice in triplicate. Cytotoxicity index of A. persica and
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A. turcomanica essential oils were calculated as CI%, according to following formula (19) (20) (21) (22) .
Cytotoxic potency of A. persica and A. turcomanica were determined as CI 50 from the curves of Cytotoxicity Index (CI %), versus different concentrations of A. persica and A. turcomanica (µg/ml) essential oils, respectively.
RESULTS
Volatile oils yielded by hydrodistillation of aerial parts of A. persica and A. turcomanica were 0.62% and 0.78 % (v/w), respectively. Table 1 and 2 demonstrate components of essential oils listed in order of their elution essential oils listed in order of their elution from DB1 column. Phytochemicals were analyzed by GC-MS qualitatively and also quantitatively.
Twenty eight components consisting 91.01 % of total oil of A. persica were identified. Among identified constituents, β-thujone was the major and main compound (75.23%). Additionally, percentage of 1, 8-cineol (2.38%), α-thujone (2.84%) and 4-terpineol (2.16%) were more than other identified components. As it is apparent from Table 1 , the majority of the components belong to monoterpene groups (88.01%). Moreover sesquiterpens (0.54%) and non-isoprenoid components (1.41%) exist in lower percentages.
Table1. GC/Mass data of A. persica essential oil.
NO.
Compound 3 Percent of major compounds in essential oil of Iranian A. persica. 4 Percent of major compounds in essential oil of A. persica in current study.
Results of time and dose dependent cytotoxic effects of A. persica and A. turcomanica essential oils on MCF-7 cell line evaluated by using MTT assay are shown in Figs. 1 and 2 which were extracted from the plots of cytotoxicity percentages versus essential oils concentrations at 24, 48 and 72 h.
As it is evident in Fig. 1 , when the results of control group were compared to those of A. persica essential oil-treated cells, dose and time dependent cytotoxicity was clearly demonstrated. At concentration of 0.5 µg/ml, cytotoxicity of the essential oil of A. persica reached 100% at times greater than 24 h. 
Percent of major compounds in essential oil of khorasan A. turcomanica leaves. 2 Percent of major compounds in essential oil of khorasan A. turcomanica stems. 3 Percent of major compounds in essential oil of Iranian A. turcomanica leaves. 4 Percent of major compounds in essential oil of Iranian A. turcomanica stems. 5 Percent of major compounds in essential oil of A. turcomanica in current study. As it is apparent in Fig. 2 , when the results of control group were compared with those of A. turcomanica essential oil-treated cells, dose and time dependent cytotoxicity could be clearly observed. Therefore, at 1 µg/ml concentration, cytotoxicity reached to 100% at times higher than 24 h. Thus, A. persica and A. turcomanica essential oils were significantly cytotoxic on MCF-7 cell line in a dose and time dependent manner.
Highest cytotoxic effect of A. persica and A. turcomanica essential oils was appeared at 72 h incubation. At that incubation period, CI 50 of A. persica and A. turcomanica was 0.15 and 0.1 µg/ml, respectively. Thus, cytotoxicity of A. turcomanica was slightly higher than that of A. persica.
DISCUSSION
Artemisia species have always been of interest in Iranian traditional medicine as antipyretic, wound healer, vermifuge, tonic of stomach, antiflatulent and for their high essence content with pleasant odor and valuable pharmacological effects. Biological activities of Artemisia species could be due to secondary metabolites such as monoterpenes, sesquiterpenes, especially sesquiterpene lactones (23) (24) . For instance, artemisinin, derived from A. annua, is a sesquiterpene lactone and considered as a novel antimalarial agent (25) . Bisabololoxides as a rare type of sesquiterpenoids and antiplasmodial constituents as well as scopoletin sesquiterpene ethers have been purified from A. persica (26) (27) . Aerial parts of A. turcomanica yielded several known mono-and sesquiterpenes (28) . Similar to the extracts of Artemisia species, wide range of biological effects especially cytotoxic activity (10) which is of great importance as chemotherapeutic agents has been observed in volatile oils of these plants (4-10). (13, 32) .
According to previous studies, different factors such as harvesting time and season, geographical location, altitude, climate and other factors including geno type, reproductive stage, cutting height, drying condition could extremely affect the yield and composition of volatile oils of the same species (33) (34) . In this study, the effect of geographical location, climate and month of collection are shown on the phytochemical composition of A. persica and A. turcomanica essential oils Cytotoxicity of A. persica and A. turcomanica were evaluated by MTT assay, a simple and reliable experiment which measures cell viability and cytotoxicity for screening cytotoxic agents (35) . Results of this test could be a basis for finding further chemotherapeutic agents. Findings of this experiment demonstrated that A. persica and A. turcomanica were strongly cytotoxic on MCF-7 cell line in a dose and time dependent manner. Chemical composition of A. persica, indicated that its cytotoxic effect could be attributed in part to the high content of β-thujone (75.23%) and low content of α-thujone (more toxic than β-stereoisomer). Previous studies have reported cytotoxic effect of thujone on A375 , monkey's kidney cell lines and its anticancer potentials (36) (37) (38) (39) . Cytotoxicity of A. turcomanica, to some extent, could be attributed to the high content of 1, 8-cineol (19.23%) and camphor (15.55%), which are toxic constituents as previously reported (40) . Furthermore, it has been indicated that fractions with higher content of sesquiterpenes show anticancer activity (41), so higher toxicity of A. turcomanica could be somehow explained by its higher sesquiterpene content (2.14%) compared to A. persica (0.53%). Comparison of CI 50 of A. persica and A. turcomanica with CI 50 of extracts and essential oils of some species of Artemisia and Asteraceae family against MCF-7 cells is very promising and illustrates higher anticancer capacity of A. persica and A. turcomanica against breast cancer carcinoma cell line (11, (42) (43) (44) (45) .
CONCLUSION
It can be concluded that the volatile oils of A. persica and A. turcomanica could have chemotherapeutic potentials. Further investigations are needed to isolate cytotoxic constituents from the essential oils of these two plants and clarify their molecular mechanisms as well as understanding the effects of A. persica and A. turcomanica on other cell lines.
